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Severe sepsis is a major cause of morbidity and mortality in children in intensive care. In the United States, the number of reported cases of severe sepsis is 42,000 per year (0.56 case per 1,000 population per year). 1 In 2009, in Cipto Mangunkusumo Hospital, Jakarta, out of 502 pediatric patients requiring intensive care, 19% had sepsis and 54% of them died from sepsisrelated causes. 2 Acute respiratory distress syndrome is a serious complication of sepsis, occuring in 60% of sepsis cases with a mortality rate of 30% to 60%. [3] [4] [5] Increased capillary permeability is a leading cause of acute respiratory distress syndrome (ARDS). In relation to this, an elevation in extravascular lung water (EVLW) is an essential part of the pathogenesis of ARDS, although it may also arise through other mechanisms. 6, 7 A rise in hydrostatic pressure will increase the risk of lung edema and eventually worsen the ARDS. 8 To date, optimal fluid management in patients with severe sepsis has been a controversial issue. Some studies have reported that crytalloid solutions increase EVLW, while colloids do not. [8] [9] [10] Colloid administration has been reported to diminish EVLW elevation, as well as interleukin-8 (IL-8) and vascular cell adhesion molecule-1 (VCAM-1), inflammatory markers that play a role in ARDS. 9 Since studies on administration of colloid or crystalloid fluid in pediatrics patient are still scarce, we decided to do this study. There are also very limited number of studies on the role of EVLW on ARDS and validation of EVLW in children is more complex.
The pathogenesis of ARDS is complex and remains poorly understood. Histopathologic examination is needed to explain the process; however, due to ethical considerations such examination could not be performed in live pediatric patients with ARDS. Therefore, we used a swine animal model due to its similarities with humans in hemodynamic and respiratory properties, as well as in the pulmonary intravascular macrophage system. 10 This study aims to observe the effects of colloid and crystalloid solutions on EVLW, IL-8, and VCAM-1 in swine models with severe sepsis and ARDS.
METHODS
This was an experimental study using swine (Sus scrofa) models held at the Departments of Surgery and Radiology of the School of Veterinary Medicine, Institut Pertanian Bogor, and the Biochemistry and Pathological Anatomy Laboratory of the Medical School, Universitas Indonesia, Cipto Mangunkusumo Hospital, Jakarta, in January to August 2014. Subjects were 11 males and 11 females, two to three months old swine models weighing 8 kg to 12 kg, equivalent to a human child aged one to three years. The swines were declared healthy by veterinarian and have undergone an adjustment and isolation phase. Animals having veterinarian-confirmed heart sound abnormalities and cardiac defects diagnosed based on chest radiography were excluded.
Swines fulfilling the inclusion criteria were randomized into two groups labeled as "solution A" (Gelatin, Gelofusin Experimental models were prepared in a confinement laboratory with accountable hygiene and standardized feeds (bran, curd pulp, and grass) according to the Guide for the Care and Use of Animals in Agricultural Research and Teaching (1999). 10 Animal treatments were performed by experienced professionals. Acclimatization, antihelminthics (5 mg/kg of oral oxfendazole), and antibiotics (6 to 11 mg/kg of intramuscular oxytetracyclin) were completed prior to the surgical procedure. Swines were anesthetized with 20 mg/kg of intramuscular 10% ketamine HCl and 2 mg/kg of intramuscular 2% xylazine HCl. Following airway intubation, they underwent femoral artery catheterization for pulse index contour cardiac output (PiCCO) as well as central venous catheterization through the internal jugular vein. The animals' vital signs and hemodynamic parameters were monitored throughout the study. Afterwards, administration of 50 mg/kg of endotoxin from Eschericia coli lipopolysaccharide were performed intravenously. Then, clinical signs of ARDS, EVLW (PiCCO), IL-8 (pig Elisa), and VCAM-1 (pig Elisa) were observed during sepsis, during severe sepsis, and one-and three hours after fluid resuscitation.
We observed the swines at the beginning of the study when they were healthy, during sepsis, during severe sepsis, one hour and three hours post-resuscitation, and ended with euthanasia and necropsy. All data were documented in special study forms. The clinical determination of ARDS was based on The Berlin definition criteria. The Berlin definition was established to facilitate the diagnosis of ARDS by categorizing ARDS into three groups based on the degree of hypoxemia which were mild, moderate, and severe. Data analysis was done using SPSS v.20.0 (SPSS Inc., Chicago). Changes in each parameter were compared between the colloid and crystalloid group using unpaired t-test and Mann-Whitney. A p value of <0.05 was considered statistically significant.
RESULTS
Several obstacles were obtained in this study, including the provision of swine models and the animals susceptibility to stress. A number of swines died during the adjustment phase or fell ill during the study. Two subjects died prior to the three-hour-post-resuscitation monitoring. Therefore, we were unable to determine when the clinical diagnosis of ARDS was established in these subjects. Nevertheless, they were still included in this study, using histopathology from necropsy specimens as the sole method of determination of ARDS. Due to these drop-outs, we also obtained a diminished sample size for the comparison of clinically determined ARDS in the colloid and crystalloid group. However, we still obtained an adequate number of subjects when using histopathologic findings and lung injury score as parameters to diagnose ARDS.
Characteristics of study subjects
We obtained 22 subjects with an equivalent maleto-female ratio. Baseline subject characteristics in the colloid and crystalloid groups were comparable.
There was no significant difference in the clinical manifestations of sepsis between the colloid and crystalloid groups (Table 2 ). Our results show that hemodynamic responses before receiving fluid resuscitation were similar in both groups. Therefore, any differences observed after fluids administration were solely due to treatment effect. Figure 1 shows the values of IL-8 and VCAM-1 before and after endotoxin administration. Within the respective groups, there was a significant rise in IL-8 before and after endotoxin administration to induce sepsis. In contrast, VCAM-1 shows no significant changes following sepsis induction. No significant differences in IL-8 and VCAM-1 was found between groups. Table 4 shows the distribution of ARDS severity in the colloid and crystalloid groups based on The Berlin definition. Moderate ARDS was more prevalent in the crystalloid group, while mild ARDS had a bigger proportion in the colloid group. However, we were unable to demonstrate the statistical significance of this difference (p=0.699). We had a small number of subjects in each group, but if the difference in ARDS severity we obtained was due to a real effect, then the magnitude of this difference would have been clinically important.
Biomarkers in sepsis and ARDS
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DISCUSSIONS EVLW elevation in the colloid and crystalloid group
The use of EVLW to reflect an increase in hydrostatic edema or inflammation has been reported in a number of recent studies. [11] [12] [13] Some studies in adults have reported an association between the rise in EVLW, the occurence of ARDS, and the mortality of patients with severe sepsis. 14, 15 In the present study, EVLW elevation in the colloid group was smaller than in the crystalloid group (Table 3 ). The increase in lung capillary permeability in sepsis causes a shifting of fluid into the interstitial space, resulting in EVLW elevation. Both colloid and crystalloid administration add to increased EVLW, although with colloid administration a smaller increase was seen than in crystalloid administration, due to the ability of colloids to remain longer within the intravascular compartment. In the crystalloid group, the EVLW increase was apparent starting at one hour post-resuscitation, due to the shifting of the fluid out of the intravascular compartment, causing edema in the interstitial space with only 20% remaining intravascularly. The elevation became even more marked at three hours postresuscitation. On the other hand, in the colloid group the rise in EVLW only started to noticeably appear at three hour post-resuscitation. 16, 17 This implies that there is less interstitial edema with resuscitation with colloids compared to crystalloids.
Biomarkers in sepsis and ARDS
In sepsis, among the most important cytokines are IL-1 and tumor necrosis factor-a (TNF-α), which stimulate the production of IL-8 from various cells such as endothelial cells, macrophages, neutrophils, alveolar epithelial cells, and fibroblasts. [18] [19] [20] [21] In the present study, IL-8 appears to increase after endotoxin administration in both groups (Figure 1 ). This finding is consistent with that of previous studies reporting that only IL-8 increased consistently, at the beginning and during severe sepsis and that the increase remained within 24 hours [44.3 interquartile range (IQR) 17.8-205) pg/mL and 757 (IQR 221-1,898) pg/mL; p=0.002].
19 IL-8 can be detectable as early as ten minutes post-lypopolysaccharide (LPS) administration and in growth media is secreted after three hours of exposure. Therefore, IL-8 is a reliable early marker during sepsis due to bacterial infection. 22 In this study, IL-8 appears to increase after endotoxin administration in colloid group 103.1 (IQR 0.2 to 350) pg/mL and 3,854.5 (IQR 2,968.9 to 4,574.0) pg/mL, with a significant difference p=0.012. Likewise the crystalloid group, with a value of 125 (IQR 0.3 to 546.9) pg/mL and 4,419.3 (IQR 945.2 to 4,847.3) pg/mL, p=0.003. Our findings are consistent with previous studies reporting that synthetic colloids have specific antiinflammatory effects, including decreasing postischemic leukocyte-endothelium interaction and platelet adhesion. Synthetic colloids have special characteristics which can influence vascular permeability and inflammation; nevertheless, the clinical relevance of such characteristics has not yet been fully explored. The mechanism through which colloids affect IL-8 levels is also poorly understood.
16,17
We did not find a significant increase in VCAM-1 both in the colloid and crystalloid groups after endotoxin administration. Two pathways have been postulated for the elevation of VCAM-1 in severe sepsis, both mediated by the release of inflammatory mediators: alveolar endothelial injury and the formation of neutrophilthrombocyte complexes resulting in inflammation and an increase in thromboxane-A2. In our subjects, it appears that only inflammation and mild injury to the vascular endothelium have occured, therefore still inadequate to cause neutrophil extravasation into the interstitial space. In addition, the increase in the expression of VCAM-1 can occur up to 6 hours after exposure, 16 beyond the length of monitoring in the present study. A longer monitoring time may be necessary to observe further lung injury such that a more marked difference can be seen.
In conclusion, the use of colloids, compared to crystalloids, in fluid resuscitation does not decrease the probability of ARDS events. However, the use of colloids is associated with a lower increase in EVLW and a lower mean lung injury score. Colloid or crystalloid use does not appear to affect IL-8 and VCAM-1 levels. In vivo studies comparing colloid and crystalloid fluid resuscitation are needed in children with severe sepsis.
